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Abstract 
We analyzed propagation characteristics of the HTS microstrip line, YBa2Cu3O7 -MgO-YBa2Cu3O7 structure, 
such as pico pulse response by use of the two dimensional time dependent Ginzburg-Landau equation in microwave, 
millimeter wave and THz region. Since as well known, the crystal structure of YBa2Cu3O7 was anisotropic, the 
anisotropic properties which gave large effect to propagation characteristics of the HTS microstrip line were taken 
into account in our analysis. We found that the HTS microstrip line made of a-axis oriented thin film would be the 
key component for analogue filter application in THz region. 
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1. Introduction 
Superconducting microstrip line is the key component for application of superconducting electronics 
in the microwave field application of the HTS(High Temperature Superconductor) such as YBa2Cu3O7
(YBCO) to the analogue filter in mobile communication system which has recently seen remarkable 
progress. 
Since the photon energy of the electromagnetic waves in millimeter wave and THz region is not small 
enough compared with the superconducting energy gap of the HTS at 50K, we analyzed propagation 
characteristics of the HTS microstrip line, YBCO-MgO-YBCO structure, such as the frequency 
dependence of the attenuation and pico pulse response by use of the two dimensional time dependent 
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Ginzburg-Landau (2D-TDGL) equation with assumptions that the propagation mode was the TEM mode 
and that the vector potential exponentially decayed in the superconducting region, such as )/exp( λx− .
Hereλ is the penetration depth of the HTS. 
As well known, the crystal structure of YBCO is anisotropic. In our analysis, these anisotropic 
properties of YBCO are taken into account. In this paper, c-axis oriented thin film, for example, means 
that c-axis of YBCO crystal is perpendicular to the surface of the ground plane. The characteristic 
impedance of the HTS microstrip line is assumed to be 50Ω . 
2. Attenuation of HTS microstrip line 
The TDGL equation is expressed as follows[1], 
(1) 
where ¯, e, !  , A,,0,´ and V are the coherence length of the superconductor, the absolute value 
of the electron charge, =h/2±(h being the Planck’s constant), the vector potential, the order parameter, 
the order parameter of bulk superconductor, the relaxation time constant of the Cooper pair and the scalar 
potential, respectively.  
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Figure 1 shows the coordinate system used for the analysis of the TDGL equation, where da, db, s and 
W denote the thickness of the HTS microstrip line, the thickness of the HTS ground plane, the thickness 
of the dielectric layer and the width of the HTS microstrip line, respectively. In this coordinate system, 
the order parameter does not vary along the y-axis. So we deal with the two dimensional problem of the 
TDGL equation[2].  
By substituting   
( ),,(exp),,(),,( 0 tzxitzxtzx )φΨΔ=Δ                                                                               (2) 
into (1), the solution of the 2D-TDGL equation is expressed as follows by the iteration method [3], 
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(3) 
where ξλκ /= , H0 =A0¹/cμ0, A0,¹, and c are the GL parameter, the magnetic field amplitude, the 
amplitude of the vector potential, the angular frequency, and the light velocity in the dielectric layer, 
respectively.
According to the recent work done by Iguchi et al., the penetration depths at the absolute zero 
temperature of YBCO along c-axis and a(or b)-axis are 20μm and 150nm, respectively[3]. These 
differences give large effect to the attenuation of the HTS microstrip line. 
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MgO layer 
Fig. 1. Superconducting microstrip line and coordinate system. 
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Fig. 2. Attenuation at 50K as functions of frequency and thickness of dielectrics for YBCO-MgO-YBCO microstrip 
line. A solid line, a dashed line, and a dotted line are corresponding to s=50nm, 100nm, and 200nm, respectively. 
 (a) Micostrip line made of c-axis oriented thin film. (b) Microstrip line made of a-axis oriented thin film.  
Figure 2(a) and (b) show the relationships between the frequency and the attenuations at 50K for 
YBCO-MgO-YBCO structure HTS microstrip line. 
In these analyses, we designed the HTS microstrip lines so that the characteristic impedance was equal 
to 50Ω, in which the fringe field factor was taken into account[4]. The relative dielectric constant of MgO 
is 8. 
With comparison of Fig. 2(a) and (b), we easily find that the attenuation of the HTS microstrip line 
made of a-axis oriented thin film is very small. 
We also analyzed the propagation power dependence of the attenuation of the HTS microstrip line and 
found that the attenuation of the HTS microstrip line made of a-axis oriented thin film was not dependent 
on the propagation power.  
3. Pico pulse response of HTS microstrip line 
We show pico pulse response at 50K of the HTS microstrip line in Fig.3(a) and (b). Incident pulse 
width is assumed to be 5ps. 
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Fig.3. Pico pulse responses of the HTS microstrip line. (a) Microstrip line made of a-axis oriented thin film. 
Propagation power is 10mW and propagation length is 10cm. (b) Microstrip line made of c-axis oriented thin film. 
Propagation power is 10mW and propagation length is 10nm. 
From Fig. 3, it is found that pico pulse rapidly decays and only propagate within several nanometers in 
the case of the HTS microstrip line made of c-axis oriented thin film. On the other hand, pico pulse can 
propagate longer than 10cm in the case of  the HTS microstrip line made of a-axis oriented thin film. 
4. Conclusion 
We analyzed propagation characteristics of the HTS microstrip line, YBCO-MgO-YBCO structure, 
such as pico pulse response by use of the two dimensional time dependent Ginzburg-Landau equation in 
microwave, millimeter wave and THz region.  
We found following results. 
 (1) The attenuation of the HTS microstrip line made of c-axis oriented thin film was about 
1000MdB/m at 50K due to the anisotropic crystal structure of YBCO. On the other hand, the 
attenuation of the HTS microstrip line made of a-axis oriented thin film was only 10dB/m at 50K.  
 (2) Pico pulse could propagate only 1nm along the HTS microstrip line made of c-axis oriented thin 
film. On the other hand, pico pulse could propagate 10cm along the HTS microstrip line made of a-
axis oriented thin film. 
(3) The attenuation of the HTS microstrip line made of a-axis oriented thin film was not dependent on  
the propagation power.  
(4)The HTS microstrip line made of a-axis oriented thin film would be the key component for analogue 
filter application in tmicrowave, millimeter wave and THz region. 
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